Abstract
Results
The study included 35,745 (99.4%) out of 35,968 eligible pupils with a mean age of 12. , respectively, in 18-year-olds. Mean refractive error in the 18-year-olds was -3.74±2.56D (median:-3.63D;range:-19.6D to + 6.25D). Higher prevalence of high myopia (!-6D and !-8D) was correlated (all P<0.001) with older age (OR:1.18, and 1.15, respectively), female gender (OR: 1.44 and 1.40, respectively), higher body mass index (OR: 1.02 and 1.03, respectively), taller body height (OR: 1.03 and 1.02, respectively), urban region of habitation (OR: 1.26 and 1.33, respectively) and higher school type (OR:1.57 and 2.22, respectively). Prevalence of severe high myopia (!-10D) was associated only with older age (P<0.001; OR: 1.44; 95%CI: 1.31, 1.59) but not with any education-related parameter such as higher school type (P = 0.48), urban region of habitation (P = 0.07) or female gender (P = 0.37).
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Introduction
Recent investigations have convincingly shown the marked increase in the prevalence of myopia among the young generation worldwide and especially in East Asia [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Since high myopia can lead myopic maculopathy and high myopia-associated glaucomatous optic neuropathy, the risk has risen that myopia may become the main blinding disease worldwide in the future [15] [16] [17] . This notion has been based on the findings that myopic maculopathy was one of the most common causes for visual impairment and blindness in the elderly population of the Beijing Eye Study already in 2001, that the marked increase in the prevalence of myopia has just arrived in the young and middle-aged generations in China, and that it will need one to two decades more to reach the age groups in which myopia-related complications including myopic maculopathy and optic nerve damage usually become clinically manifest [18] . It is therefore important to develop preventive measures against myopia, and in particular against high myopia. Since preceding studies on the prevalence of myopia in the school children generation of China dated back several years, since they included usually less than 5,000 children, and in particular since these studies did not specifically focus on high myopia, which is the myopia group with the highest risk of eventual myopia-related complications, we carried out the present study to assess the prevalence of high myopia in a relatively large group of school children attending randomly selected schools in Greater Beijing.
Methods
The Greater Beijing School Children Myopia Study was a school-based, cross-sectional investigation conducted in 2016 in Greater Beijing, China. It was approved by the ethics committee of the Capital Medical University, Beijing Center for Disease Control and Prevention and followed the Declaration of Helsinki. After explanation of the study design to parents and children, informed written consent was obtained from at least one parent per child. The study was carried out in 54 schools which were differentiated into the primary level, junior level and senior level and which were randomly selected from 5 urban districts of Beijing (Dongcheng, Xicheng, Chaoyang, Haidian, Fengtai) and from 10 rural districts of Greater Beijing (Tongzhou, Changping, Mentougou, Fangshan, Huairou, Pinggu, Shunyi, Miyun, Yanqing, Shijingshan). Due to selecting the schools randomly, performed separately in the rural region and in the urban region, the study population was a representative sample of the school children population in Greater Beijing. In each school, all children aged 6 to 18 years participated in the study and underwent measurement of uncorrected visual acuity and auto refractometry (Topcon RM-A7000; Topcon Co, Tokyo, Japan) without cycloplegia. Refractometry was performed thrice, and the average of all three measurements was taken for further statistical analysis. Additionally, we determined body height and body weight and calculated the body mass index (BMI) as the ratio of body weight (kg) divided by the square of body height (m). Using a stadiometer, body height was measured with the shoes removed. The children were asked to stand upright as much as possible and with the head raised upright as much as possible. The examinations were carried out by four to five junior doctors who had specifically been trained in the examination techniques before start of the study. Since the examiners worked together mostly in the same rooms, the surveyed each other and were additionally supervised by principal investigators (YG, LX). Myopia was defined as myopic refractive error (spherical equivalent) of !-0.50 diopters and !-1.00 diopters, respectively. The reason to use also the second definition of myopia with a myopic refractive error of more than -1.00 diopters was that refractometry was carried out without cycloplegia so that due to involuntary accommodation the refractive measurements might have been artificially low in some children. Minor high myopia was defined as a refractive error of !-6.00 diopters, moderate high myopia was defined as a myopic refractive error !-8.00 diopters, and severe high myopia was defined as a myopic refractive error !-10.00 diopters, respectively.
The statistical analysis was performed using a commercially available software package (SPSS for Windows, version 22.0, IBM-SPSS, Chicago, IL). We calculated the mean ± standard deviation of refractive error (presented as spherical equivalent) and presented the prevalence of myopia as mean and the 95% confidence intervals (CI). Logistic regression was used to assess the relationship between prevalence of myopia and parameters such as age, gender, body height, BMI, school type and school grade. With the prevalence of myopia as dependent variable, we first conducted a univariate analysis, followed by a multivariate analysis, which included all parameters as independent variables which were significantly correlated with the prevalence of myopia in the univariate analysis. We calculated odds ratios (OR) and their 95% confidence intervals (CI). All P-values were two-sided and considered statistically significant if <0.05.
Results
The study included 35,745 (99.4%) out of 35,968 eligible school children (18,276 (51.1%) boys), with 8,090 children (22.6%) living in the urban regions. The mean age was 12.6±3.4 years (range: 6-18 years). Primary school was attended by 13,241 students (37.0%), the junior school by 11,254 (31.5%) students, and the senior school by 11,283 (31.5%) students. The mean body height and body weight were 156.0±16.7cm and 52.0±16.9kg, respectively. (Table 1) Prevalence of myopia defined as myopic refractive error (spherical equivalent) of !-0.50 diopters, !-1.00 diopters, !-6.00 diopters (Table 2) (Table 2 ; Fig 1) , the prevalence of moderate high myopia (!-8.00 diopters) increased from 0.4% (95%CI: 0.1, 0.6) in 10-year-olds to 5.2% (95%CI: 4.0, 6.4) in 18-year-olds (Fig 2) , and the prevalence of severe high myopia (!-10.00 diopters) increased from 0.1% (95%CI: 0.00, 0.02) in 10-year-olds to 0.9% (95%CI: 0.4, 1.5) in 18-year-olds (Fig 3) . Mean refractive error in the 18-year-olds was -3.74 ± 2.56 diopters (median: -3.63 diopters; range: -19.6 to + 6.25 diopters) (Fig 4) .
In univariate analysis, higher prevalence of minor high myopia (!-6 diopters) was associated with older age (P<0.001), urban region of habitation (P<0.001), higher BMI (P<0.001), higher body height (P<0.001), female gender (P<0.001), higher school type (P<0.001), and higher school grade (P<0.001). In the multivariate binary regression analysis with prevalence of minor high myopia as dependent variable, we dropped school grade due to collinearity with age. In the final model, higher prevalence of minor high myopia was correlated (all P<0.001) with older age, female gender, higher BMI, taller body height, urban region of habitation and higher school type (Table 3) . Similar results were obtained for the prevalence of moderate high myopia defined as refractive error !-8 diopters (Table 3 ). Higher prevalence of high myopia (if defined as !-9 diopters) was correlated with older age (P = 0.006), higher BMI (P = 0.01), urban region of habitation (P = 0.004) and higher school type (P<0.001), while body height (P = 0.13) and gender (P = 0.09) were no longer significantly associated (Table 3) . If children with a myopic refractive error of !-10 diopters were excluded, similar results were obtained, with a higher prevalence of high myopia (here defined as !-8 diopters and -9 diopters) being associated with older age (P<0. and with urban region of habitation (P<0.001; OR: 2.20; 95%CI: 1.43, 3.38), but not with gender (P = 0.24; OR: 1.29; 95%CI: 0.84, 1.97). Since all these parameters were significantly and strongly (all P<0.001) correlated with age, the associations were adjusted for age. After adjusting for age, prevalence of severe high myopia was no longer significantly with BMI (P = 0. 
Discussion
In this large-scaled population-based study on school children in urban and rural Greater Beijing, the prevalence of high myopia (!-6 diopters,!-8 diopters, !-10 diopters) in 18-year-olds was 19.4% (95%CI:17.3,21.6),5.2% (95%CI:4.0,6.4) and 0.9% (95%CI:0.4,1.5), respectively. While the prevalence of high myopia defined as refractive error of !-6 diopters up to <-10 diopters was associated with education-related parameters (such as higher school type, urban region of habitation, and female gender) after adjusting for age, the frequency of severe high myopia defined as myopic refractive error of !-10 diopters was not correlated with educational parameters after adjusting for age.
The prevalence of minor and moderate high myopia in our study was higher than in most previous studies on Chinese school children. It included the study by conducted Fan and colleagues in Hong Kong, the Shunyi study in a rural region of Greater Beijing, an investigation performed in Guangzhou / South China, a nation-wide survey in Taiwan, the Xichang Pediatric Refractive Error Study conducted in Guangdong province in South China, the Beijing Childhood Eye Study, the Shandong Children Eye Study and the Gobi Desert Children Eye Study, to name only a few ( Table 4 ). The results from these studies conducted in China were complemented by findings of investigations carried out in other East Asian countries ( Table 4 ). The general tendency towards a higher prevalence of myopia in the younger generation in China has also been demonstrated in a recent investigation by Xiang and colleagues who showed that the prevalence of myopia was significantly higher in Chinese children than in their parents [13] . A similar result was reported in the Handan Offspring Myopia Study [14] . Compared with all previous studies from mainland China, the present investigation suggested a further increase in the prevalence of minor high myopia defined as a myopic refractive error of !-6 diopters. Since the present study was the first investigation reporting on the prevalence of moderate high myopia defined as myopic refractive error of !-8 diopters and of severe high myopia (!-10 diopters), conclusions on a change in the prevalence of moderate high myopia or of severe high myopia during the last decade cannot be drawn, yet.
As in previous studies, the prevalence of minor high myopia and of moderate high myopia was correlated with female gender, urban region of habitation and higher school type [9] [10] [11] 12, 14] . Since girls as compared to boys spend more time with near work indoors and less time with outdoor activities, and since the level of education is higher in the cities than in the countryside, the association of minor high myopia and of moderate high myopia with female gender and urban region of habitation indicates the association between the prevalence of these grades of high myopia and education-related parameters.
Interestingly, the prevalence of severe high myopia (!-10 diopters) was not significantly correlated with school type (P = 0.48) when adjusted for age nor was it correlated with urban region of habitation (P = 0.07) or female gender (P = 0.37), when adjusted for age. Even in univariate analysis, the prevalence of severe high myopia was not correlated with female gender, Table 3 . Associations (multivariate analysis) of the prevalence of high myopia with different definition (!-6 diopters, !-8 diopters, !-9 diopters,) in the Greater Beijing School Children Myopia Study 2016, in the whole study population and stratified by gender.
!-6 diopters (n = 3090)
!-8 diopters (n = 784) !-9 diopters (n = 361) although girls as compared to boys had a significantly (P<0.001) higher school grade and usually perform better in school. Although the group of children with severe high myopia was relatively small (n = 87 or 0.2% of the total study population), reducing the power of a statistical analysis, the results may suggest that the prevalence of severe high myopia, as compared to the prevalence of minor high myopia or of medium high myopia, was to lower degree correlated with education-related parameters. This finding would be in contrast to the statistically strong associations of the prevalence of minor high myopia and of moderate high myopia (!-6 diopters and !-8 diopters) with education-related parameters, such as higher school type (P<0.001 and P<0.001, respectively) and urban region of habitation (P<0.001 and P = 0.004, respectively). These observations would be in agreement with the result of a recent meta-analysis in which associations of high myopia in adults were compared with associations of high myopia (defined as myopic refractive error !-6 diopters) in school children [19] . It revealed that in the adults, education-related parameters did not show a significant association with high myopia, in particular not with high pathological myopia. In contrast, in school children, the prevalence of high myopia showed strong associations with education-related parameters [19] . Limitations of our study should be taken into account when its results are discussed. First, refractometry was not performed under cycloplegia, so that involuntary accommodation during refractometry might have covered a latent hyperopia [20, 21] . Latent accommodation might also have falsely caused a low degree of myopia. In a previous study on 5,999 children with a mean age of 10.0±3.3 years (range: 4-18 years), the mean difference between cycloplegic and non-cycloplegic refractive error was 0.78 ± 0.79 diopters [21] . The difference decreased markedly with increasing myopic refractive error (P<0.001; standardized regression coefficient beta:0.50; regression coefficient B: 0.19; 95%CI: 0.18, 0.20) and older age (P = 0.006; beta: 0.04; B: 0.009; 95%CI: 0.003, 0.016). Since the focus of our study was the prevalence of high myopia in 18-year old children, it might have been unlikely that involuntary accommodation under non-cycloplegic conditions had caused a major bias in the assessment of the prevalence of high myopia in the relatively old subgroup of 18-year-old students. Second, our investigation was a cross-sectional investigation which did not allow drawing direct conclusions on a 
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longitudinal course and causal relationship between parameters. Third, the group of children with severe high myopia was relatively small (n = 87 or 0.2% of the total study population), reducing the power of a statistical analysis. It has therefore to be taken into account, that the negative result of a lack of an association might have been due to a small statistical power. Regarding the wide confidence intervals of the relationships however may make it unlikely, that a higher number of severe highly myopic study participants would have resulted in a statistical significant association.
In conclusion, prevalence of minor, moderate and severe high myopia in 18-year-old school children in this most recent survey in a Chinese metropolitan region was 19.4%, 5.2% and 0.9%, respectively. These figures were higher than in previous surveys from mainland China. In contrast to the prevalence of minor high myopia and of moderate high myopia, the prevalence of severe high myopia (!-10D) was not strongly correlated with educational parameters after adjusting for age. Future studies may address whether the risk of the development of pathologic myopia is bound to the severe type of high children myopia which was not strongly correlated with educational parameters.
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